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(54) Hydridization detection method using biochips 

(57) The present invention provides a hybridization 
detection method capable of quantitatively determining 
the degree of the hybridization between a sample 
biopolymer and a probe biopolymer. In the method, the 
amount of a fluorescently labeled probe immobilized on 
a substrate as a spot is quantitatively determined by 
determining the fluorescence emitted from a fluorescent 
material labeling the probe, and the amount of a fluores- 
cently labeled sample hybridized to the probe is quanti- 
tatively determined by determining the fluorescence 
emitted from the fluorescent material labeling the sam- 
ple. The difference between the amount of the probe 
and the amount of the sample is normalized with the 
amount of the probe. Based on the normalized value, 
the amount of the sample hybridized to the probe can 
be determined relative to the amount of the probe spot- 
ted on the substrate. 



FIG.l 




Q. 

LU 



Printed by Xerox (UK) Business Services 
2.16.7 (HRS)/3.6 




1 EP1 010 764 A2 2 



Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0001] The present invention relates to a hybridiza- 
tion detection method for the analysis of the presence or 
absence of a sequence of interest in a biopolymer sam- 
ple by utilizing the hybridization between the sample 
biopolymer and a probe biopolymer, and also relates to 
a biochip applicable for the method. 

RRELATED BACKGROUND ART 

[0002] Heretofore, for the detection or fractionation 
of a molecule in the living body, particularly the detec- 
tion of DNA of interest or the detection of the presence 
or absence of a genomic DNA, hybridization methods 
have been often utilized which uses a nucleic acid or 
protein having a known sequence as a probe. In such 
hybridization methods, a sample DNA labeled with a flu- 
orescent material is hybridized to a probe DNA immobi- 
lized onto a substrate. When the sample DNA is bound 
to the probe DNA, the sample DNA is in turn immobi- 
lized on the substrate together with the probe DNA. The 
fluorescent material attached to the sample DNA is flu- 
orescently excited by irradiation with excitation light 
from a light source to emit fluorescence, and the fluo- 
rescence is then detected. In this manner, the hybridiza- 
tion between the sample DNA and the probe DNA can 
be detected. 

[0003] The principle of the prior art hybridization 
detection method as described above is illustrated in 
FIGs. 7, 8 and 9. 

[0004] As illustrated in FIG. 7, a given amount of 
probe DNA 1a is immobilized on a substrate (e.g., a 
glass plate) 4 as a spot 3a. Another probe DNAs 1b, 1c, 
... are also immobilized on the substrate 4 as spots 3b, 
3c respectively. In this case, however, it is impossi- 
ble to immobilize all of the probe DNAs in equal 
amounts on the respective spots. 

[0005] As illustrated in FIG. 8A, each of sample 
DNAs 5a, 5b, 5c, ... is labeled with a fluorescent mate- 
rial 6. As illustrated in FIG. 8B, the substrate 4 spotted 
with the probe DNAs 5a, 5b, 5c, ... is placed in a hybrid- 
ization solution 7 and then the fluorescently labeled 
sample DNAs 5a, 5b, 5c, ... are added thereto to cause 
the hybridization between the probe DNAs and the sam- 
ple DNAs. The hybridization solution 7 is a mixed solu- 
tion comprising, for example, formaldehyde, SSC 
(sodium chloride/trisodium citrate), SDS (sodium 
dodecyl sulfate), EDTA (ethylenediaminetetraacetic 
acid), distilled water, and the like, in which the mixing 
ratio between the components may vary depending on 
the nature of the DNAs employed. 
[0006] As illustrated in FIG. 8C, if any of the sample 
DNAs is complementary to any of the probe DNAs, the 



sample DNA is hybridized to the probe DNA to form a 
double-stranded structure (see the illustrations for the 
probe DNAs 1 a and 1 b). If not, the sample DNA remains 
unbound (see the illustration for the probe DNA 1c). As 

5 illustrated in FIG. 9, the detection of the hybridization 
can be performed by irradiating the substrate 4 with 
excitation light from a lamp 9 (i.e., an excitation light 
source) to excite the fluorescent material 6, cutting off 
the light having wavelengths out of the emission wave- 

10 length range of the fluorescent material 6 with an optical 
filter 10, and then detecting the light emitted from each 
spot with a two-dimensional photosensor 8 (e.g., a CCD 
camera). 

[0007] In this case, in the spots where the hybridi- 
15 zation takes place (e.g., spots 3a and 3b), the fluores- 
cent material 6 is present, and therefore fluorescent 
emission can be detected by exciting the fluorescent 
material 6 by irradiation with excitation light from the 
lamp 9. In contrast, in the spots where the hybridization 
20 does not take place (e.g., spot 3c), no fluorescent mate- 
rial 6 is present, and therefore no fluorescent emission 
is observed by irradiation with excitation light from the 
lamp 9. In this manner, a light or dark spot is observed 
depending on the presence or absence of the hybridiza- 
25 tion event. The image data detected by the two-dimen- 
sional photosensor 8 is transferred to a computer 13 via 
a controller 12 and indicated on a display. 
[0008] However, in this method, upon the immobili- 
zation of probe DNAs to a substrate, it is impossible to 
30 spot all of the probe DNAs on the substrate uniformly or 
in equal amounts, resulting in an undesirable variation 
in the amount of probe DNA between the spots with a 
larger amount of probe DNA and the spots with a 
smaller amount of probe DNA. Therefore, in the detec- 
ts tion of the hybridization, although the presence of the 
hybridization event between the sample DNAs and the 
probe DNAs can be detected, it is impossible to deter- 
mine quantitatively the amount of each sample DNA 
hybridized to any of the probe DNAs relative to the 
40 amount of the probe DNA. 

SUMMARY OF THE INVENTION 

[0009] The present invention has been made for 
45 improving the above-mentioned drawbacks of the prior 
art methods. Accordingly, the object of the present 
invention is to provide a detection method which can 
quantitatively determine the degree of the hybridization 
between a probe DNA and a sample DNA. 
50 [0010] According to the present invention, to 
achieve the above-mentioned object, a probe biopoly- 
mer and a sample biopolymer are labeled with different 
fluorescent materials, so that the probe biopolymer and 
the sample biopolymer present on spots deposited on a 
55 substrate can be detected separately for each spot uti- 
lizing the difference of the emission wavelength of the 
fluorescent materials. In the detection of the hybridiza- 
tion between the probe biopolymer and the sample 
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biopolymer, the emission wavelength of the fluorescent 
material labeling the probe biopolymer and the emis- 
sion wavelength of the fluorescent material labeling the 
sample biopolymer are detected separately, so that it 
becomes possible to separately detect and, therefore, 5 
quantitatively determine the amount of the probe biopol- 
ymer and the amount of the sample biopolymer hybrid- 
ized to the probe biopolymer for each spot. 
[0011] Specifically, a fluorescent material that has 
labeled a probe biopolymer is caused to emit fluores- 
cence to determine the amount of the probe biopolymer 
immobilized on a spot deposited on a substrate (e.g., a 
glass plate). Another type of fluorescent material that 
has labeled a sample biopolymer is also caused to emit 
fluorescence to determine the amount of the sample 
biopolymer hybridized to the probe biopolymer. Then, 
the difference between the amount of the probe biopol- 
ymer and the amount of the sample biopolymer is nor- 
malized with the amount of the probe biopolymer. 
Based on the normalized value, the amount of the sam- 
ple biopolymer relative to the amount of the probe 
biopolymer spotted on the substrate can be determined. 
As used herein, the term "biopolymer" refers to any pol- 
ymeric material constituting a living body, such as DNA, 
RNA and a protein. 

[0012] That is, one aspect of the present invention 
is a hybridization detection method for detecting the 
hybridization between a probe and a sample, which 
comprising detecting both the amount of the probe and 
the amount of the sample bound to the probe. As used 
herein, the term "probe" refers to any biopolymer to be 
immobilized onto a substrate, such as DNA, and the 
term "sample" refers to any biopolymer to be hybridized 
to the probe, such as DNA. 

[0013] Another aspect of the present invention is a 
hybridization detection method for detecting the hybridi- 
zation between a probe and a sample, which compris- 
ing detecting a value produced by normalizing the 
difference between the amount of the probe and the 
amount of the sample bound to the probe with the 
amount of the probe. 

[0014] In the detection of the amounts of the probe 
and the sample bound to the probe, the amount of the 
probe may be detected prior to the hybridization, while 
the amount of the sample bound to the probe may be 
detected after the completion of the hybridization. Alter- 
natively, both the amounts of the probe and the sample 
bound to the probe may be detected after the comple- 
tion of the hybridization. 

[0015] The detection of the amounts of the probe 
and the sample bound to the probe may be performed 
by labeling the probe and the sample with different labe- 
ling materials and then detecting the labeling materials 
separately. 

[0016] A value produced by normalizing the differ- 
ence between the amount of the probe and the amount 
of the sample bound to the probe with the amount of the 
probe may be indicated on a display. 



[0017] In one embodiment of the inventive method 
the probe is immobilized on a support. In an even more 
preferred embodiment the support comprising the 
probe is a biochip. 

[0018] Still another aspect of the present invention 
is a biochip comprising a fluorescently labeled probe 
spotted on a substrate. 

[0019] The amount of the probe immobilized onto a 
substrate may be different for each probe and each sub- 
strate. 

[0020] For easy understanding of the present inven- 
tion, an example in which two biochips 1 and 2 with the 
same type of probe immobilized thereon and different 
samples A and B are used, will be described below, in 
which both the samples and the probes used are DNAs. 
[0021] It is supposed as follows: a biochip 1 has 10 
ng of a probe immobilized thereon, while a biochip 2 has 
8 ng of the same type of probe immobilized thereon; the 
fluorescent intensities of the probe before the hybridiza- 
tion are 100 for the biochip 1 and 80 for the biochip 2 in 
terms of a 256-level gradation; and when the samples A 
and B are hybridized to the probe on the biochips 1 and 
2, respectively, the fluorescent intensities of the sam- 
ples are 70 for the biochip 1 (sample A) and 60 for the 
biochip 1 (sample B). From these result, it would be 
assessed that the DNA amount of the sample A hybrid- 
ized to the probe is larger than that of the sample B 
hybridized to the probe. However, when compared the 
ratio of the DNA amount of the sample hybridized to the 
probe relative to the DNA amount of the probe between 
the samples A and B according to the method of the 
present invention, then it can be assessed that the sam- 
ple A is actually hybridized to the probe at a lower ratio 
than the sample B. That is, for the samples A and B, the 
ratio of the DNA amount of each sample hybridized to 
the probe can be calculated by determining the differ- 
ence between the DNA amount of the probe initially 
immobilized onto each biochip and the DNA amount of 
the sample bound to the probe and then normalizing the 
obtained difference with the DNA amount of the probe, 
as follows: 

sample A: (100 - 70) 100 = 0.3; and 
sample B: (80 - 60) -5- 80 = 0.25. 

[0022] Accordingly, the method of the present 
invention enables a more precise analysis of the hybrid- 
ization compared with the prior art methods in which the 
hybridization is analyzed only based on the fluorescent 
intensity of a sample after the hybridization. 
[0023] This specification includes part or all of the 
contents as disclosed in the specifications and/or draw- 
ings of Japanese Applications Nos. 10-355956 and 11- 
328352, which are priority documents of the present 
application. 

[0024] The above and other objects, effects, fea- 
tures and advantages of the present invention will 
become more apparent from the following description of 
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embodiments thereof taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] 

FIG. 1 illustrates the principle of an embodiment of 
the hybridization detection method in accordance 
with the present invention. 

FIGs. 2A, 2B and 2C also illustrate the principle of 
the embodiment of the hybridization detection 
method in accordance with the present invention. 
FIG. 3 also illustrates the principle of the embodi- 
ment of the hybridization detection method in 
accordance with the present invention. 
FIG. 4 is a flow chart of the processing steps for 
providing an evaluation value for hybridization of a 
sample to a probe in the hybridization detection 
method in accordance with the present invention. 
FIGs. 5A and 5B illustrate the principle of another 
embodiment of the hybridization detection method 
in accordance with the present invention. 
FIGs. 6A and 6B also illustrate the principle of the 
another embodiment of the hybridization detection 
method in accordance with the present invention. 
FIG. 7 illustrates the principle of an embodiment of 
the hybridization detection method in accordance 
with the prior art. 

FIGs. 8A, 8B and 8C also illustrate the principle of 
the embodiment of the hybridization detection 
method in accordance with the prior art. 
FIG. 9 also illustrates the principle of the embodi- 
ment of the hybridization detection method in 
accordance with the prior art. 

DETAILED DESCRIPTION OF THE INVENTION 

[0026] The present invention will be described 
herein below in detail by way of examples with reference 
to drawings. In the embodiments described below, both 
probe biopolymers and sample biopolymers are DNAs. 
However, it would be appreciated by persons skilled in 
the art that other biopolymers such as RNAs and pro- 
teins are also applicable in the present invention. 
[0027] FIGs. 1 to 3 illustrate the principle of an 
embodiment of the hybridization detection method in 
accordance with the present invention. As illustrated in 
FIG. 1, each of probe DNAs 1a, 1b, 1c, ... are labeled 
with the same fluorescent material 2. As the fluorescent 
material 2, for example, fluorescein isothiocyanate 
(FITC) may be used. The probe DNA 1a is immobilized 
onto a glass plate (substrate) 4 as a spot 3a. Other 
probe DNAs 1b, 1c, ... are also immobilized onto the 
glass plate 4 as spot 3b, 3c, respectively. 
[0028] As illustrated in FIG. 2A, each of sample 
DNAs 5a, 5b, 5c, ... is labeled with another type of fluo- 
rescent material 6. As the fluorescent material 6, for 



example, Cy5 may be used. Upon the hybridization 
between the probe DNAs and the sample DNAs, as 
illustrated in FIG. 2B, the glass plate 4 onto which the 
probe DNAs are spotted (see FIG. 1) is placed in a 

5 hybridization solution 7 and the fluorescently labeled 
sample DNAs are added thereto. The hybridization 
solution 7 is a mixed solution comprising, for example, 
formaldehyde, SSC (sodium chloride/trisodium citrate), 
SDS (sodium dodecyl sulfate), EDTA (ethylenediamine- 

10 tetraacetic acid) and distilled water, in which the propor- 
tion of the components may vary depending on the 
nature of the probe DNAs and sample DNAs employed. 
[0029] If any of the sample DNAs is complementary 
to any of the probe DNAs, the sample DNA is hybridized 

15 to the probe DNA to form a double-stranded structure, 
as illustrated in FIG. 2C (see the illustrations for the 
sample DNAs 5a and 5b and the probe DNAs 1a and 
1b). In contrast, if any of the sample DNAs is not com- 
plementary to any of the probe DNAs, the sample DNA 

20 remains unbound, as illustrated in FIG. 2C (see the 
illustration for the probe DNA 1c). That is, on the spots 
in which the hybridization takes place (e.g., spots 3a 
and 3b), both the fluorescent material 2 labeling the 
probe DNAs and the fluorescent material 6 labeling the 

25 sample DNAs individually bound to the probe DNAs are 
present. In contrast, on the spots in which no hybridiza- 
tion takes place (e.g., 3c), only the fluorescent material 
2 labeling the probe DNAs is present. 
[0030] The detection of the hybridization may be 

30 performed in the following manner, as illustrated in FIG. 
3. The fluorescent material 6 labeling the sample DNAs, 
and the fluorescent material 2 labeling the probe DNAs 
are excited by irradiation with excitation light from a 
lamp 9 to emit fluorescence. The lamp 9 used as an 

35 excitation light source may be, for example, a xenon 
lamp having the emission wavelength range from about 
300 to about 700 nm. The reason why such lamp is 
used is that it can cause the fluorescent emission of 
both FITC (excitation wavelength: 490 nm, emission 

40 wavelength: 520 nm) and Cy5 (excitation wavelength: 
650 nm, emission wavelength: 667 nm). In the detection 
of the fluorescence, reading of emission from FITC and 
Cy5 is taken by using a two-dimensional photosensor 8 
through an optical filter 10 having transmission wave- 

45 length of 520 nm for FITC and through another optical 
filter 1 1 having transmission wavelength of 667 nm for 
Cy5. The date from the two-dimensional photosensor is 
transferred to a computer 13 via a controller 12. The 
two-dimensional photosensor 8 may be, for example, a 

50 CCD camera. The optical filters 10 and 1 1 are movable 
in the direction of the arrow by driving a stage 14, and 
changeable to each other. 

[0031] In the computer 13, the amount of each 
probe DNA is calculated for each spot based on the 
55 emission reading from FITC, and then the amount of the 
sample DNA hybridized to the probe DNA is calculated 
for each spot based on the emission reading from Cy5. 
The emission quantity Ai of FITC is reduced by the 
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emission quantity Bi of Cy5, and the resultant difference 
is then divided by the emission quantity Ai of FITC, 
thereby providing an evaluation value Ci 
[Ci = (Ai - Bi)/Ai ]. In this manner, the amount of a sam- 
ple DNA hybridized to a probe DNA can be determined 
relative to the amount of the probe DNA with a high pre- 
cision. 

[0032] A larger Ci value [Ci = (Ai - Bi)/Ai ] means 
that the amount of a sample DNA hybridized to a probe 
DNA is smaller. In contrast, a smaller Ci value means 
that the amount of a sample DNA hybridized to a probe 
DNA is larger, which also means the sample DNA has 
higher complementarity to the probe DNA. In the 
present invention, the reason why an evaluation value 
Ci [Ci = (Ai - Bi)/Ai] is employed for the evaluation of 
the ratio of hybridization is that the employment of the 
reduction of the amount of the sample DNA from the 
amount of the probe DNA makes the comparison 
between both the amounts more easy. This is because 
the amount of a probe DNA immobilized on a substrate 
is always larger than the amount of a sample DNA 
hybridized to the probe DNA in any situation. 
[0033] FIG. 4 is a flow chart of the processing steps 
for providing an evaluation value Ci. In step 1 1 , the posi- 
tion number of a spot to be calculated for the evaluation 
value is preset. In step 12, both the emission quantity Ai 
of FITC and the emission quantity Bi of Cy5 are deter- 
mined for a spot i. In step 13, an evaluation value Ci 
[Ci = (Ai - Bi)/Ai ] is calculated by dividing the difference 
between Ai and Bi with Ai. The evaluation value Ci thus 
obtained represents the amount of the probe DNA not 
hybridized with any sample DNA. Based on the evalua- 
tion value, the degree of the complementarity between 
the sample DNA and the probe DNA can be assessed. 
In step 14, the obtained evaluation value Ci is indicated 
on a display of the computer 13 as a tone image. In the 
display, a larger Ci value is displayed brighter, while a 
smaller Ci value is displayed darker, or vice versa (like a 
positive film). In step 15, it is checked whether process- 
ing of all of the spots to be examined is completed. If 
not, the position number of a spot to be processed in the 
next step is determined in step 16, and the procedures 
from step 12 to step 15 are repeated. When the calcula- 
tion for all of the spots to be examined is completed, the 
process exits. 

[0034] FIGs. 5 and 6 illustrate the principle of 
another embodiment of the detection method in accord- 
ance with the present invention. The detection method 
of this embodiment includes the steps of reading an 
emission quantity of a fluorescent material (e.g., FITC) 
labeling a probe DNA, which corresponds to the amount 
of a probe DNA, prior to the hybridization; reading an 
emission quantity of another fluorescent material (e.g., 
Cy5) labeling a sample DNA, which corresponds to the 
amount of a sample DNA, after the completion of the 
hybridization; and then determining an evaluation value 
as described above. 

[0035] As illustrated in FIG. 5A, probe DNAs each 



labeled with a fluorescent material FITC are immobi- 
lized onto a glass plate (a substrate) 4 as spots 3a, 3b, 
3c, .... The immobilization of the probe DNAs may be 
performed in the same manner as illustrated in FIG. 1 . 

5 Prior to the hybridization, as illustrated in FIG. 5B, FITC 
labeling each probe DNA is exited by irradiation with 
excitation light to emit fluorescence, and the emission 
quantity of FITC is read with a two-dimensional photo- 
sensor 8, thereby determining the amount of each of the 

10 probe DNAs present for each spot. In this case, an opti- 
cal filter 10 having transmission wavelength of 520 nm 
is located in the optical path of the photosensor 8. The 
reading of the emission quantity may be performed in 
the same manner as illustrated for FITC in FIG. 3 above. 

15 The emission quantity Ai for each spot is stored in a 
storage medium 14 (e.g., a floppy disk). 
[0036] As illustrated in FIG. 6A, the hybridization 
between sample DNAs 5a, 5b, ... each labeled with a 
fluorescent material Cy5 6 and the probe DNAs may be 

20 performed in the same manner as illustrated in FIG. 2B 
above. The detection of the hybridization may be per- 
formed, as illustrated in FIG. 6B, by irradiating the glass 
plate 4 with excitation light from the lamp 9 to cause to 
emit fluorescence from Cy5, and reading the emission 

25 quantity Bi of Cy5 with the two-dimensional photosen- 
sor 8. In this case, another optical filter 1 1 having trans- 
mission wavelength of 667 nm is located in the optical 
path of the photosensor 8. The reading of the emission 
quantity may be performed in the same manner as illus- 

30 trated for Cy5 in FIG. 3 above. The emission quantity Ai 
of FITC stored in the storage medium 14 is then 
inserted into the computer 12, and the difference 
between the emission quantity Ai of FITC and the emis- 
sion quantity Bi of Cy5 is determined. Each of the deter- 

35 mined difference values is divided by the emission 
quantity Ai of FITC. The determination of the difference 
may be performed in the same manner as illustrated in 
FIG. 3 above. The method of this embodiment also ena- 
bles to quantitatively determine the amounts of a sam- 

40 pie DNA hybridized to a probe DNA. 

[0037] According to the method of this embodiment, 
one can know what amount of a probe DNA are immo- 
bilized onto a substrate and, therefore, can also know 
what amount of a sample DNA is to be added for the 

45 hybridization, the location of unreactive spot(s) where 
any probe DNA fail to immobilize, and the like, before 
the hybridization is performed. Thus, the method ena- 
bles to perform a hybridization experiment with a good 
efficiency due to its capacity to address such problems 

so prior to the experiment. 

[0038] As stated above, according to the present 
invention, it becomes possible to determine the amount 
of a probe spotted on a substrate and the amount of a 
sample hybridized to the probe; to calculate the precise 

55 amount of the sample hybridized to the probe (i.e., the 
degree of the complementarity) by determining a value 
produced by normalizing the difference between the 
amount of the probe and the amount of the sample with 
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the amount of the probe; and therefore to determine the 
amount of the sample bound to the probe with a high 
precision. 

[0039] The invention has been described in detail 
with reference to various embodiments, and it will now 5 
be apparent from the foregoing to those skilled in the art 
that changes and modifications may be made without 
departing from the invention in its broader aspects, and 
it is the invention, therefore, in the appended claims to 
cover all such changes and modifications as fall within 10 
the true spirit of the invention. 

Claims 

1. A hybridization detection method for detecting the 15 
hybridization between a probe and a sample, the 
method comprising detecting both the amount of 
the probe and the amount of the sample bound to 

the probe. 

20 

2. A hybridization detection method for detecting the 
hybridization between a probe and a sample, the 
method comprising detecting a value produced by 
normalizing the difference between the amount of 

the probe and the amount of the sample bound to 25 
the probe with the amount of the probe. 

3. The hybridization detection method of claim 1 or 2, 
wherein the amount of the probe is detected prior to 

the hybridization, and the amount of the sample 30 
bound to the probe is detected after the completion 
of the hybridization. 

4. The hybridization detection method of claim 1 or 2, 
wherein both the amount of the probe and the 35 
amount of the sample bound to the probe are 
detected after the completion of the hybridization. 

5. The hybridization detection method according to 
any of claims 1 to 4, wherein the sample and the 40 
probe are labeled with different labeling materials. 

6. The hybridization detection method according to 
any of claims 1 to 5, wherein the value produced by 
normalizing the difference between the amount of 45 
the probe and the amount of the sample bound to 

the probe with the amount of the probe is indicated 
on a display. 

7. A biochip comprising a fluorescently labeled probe so 
spotted on a substrate. 
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